Background: Congenital heart diseases cause significant childhood morbidity and mortality. Several restricted studies have been conducted on the epidemiology in Nigeria. No truly nationwide data on patterns of congenital heart disease exists. Objectives: To determine the patterns of congenital heart disease in children in Nigeria and examine trends in the occurrence of individual defects across 5 decades. Method: We searched PubMed database, Google scholar, TRIP database, World Health Organisation libraries and reference lists of selected articles for studies on patterns of congenital heart disease among children in Nigeria between 1964 and 2015. Two researchers reviewed the papers independently and extracted the data. Seventeen studies were selected that included 2,953 children with congenital heart disease.
Introduction
Congenital heart disease is defined as a gross structural abnormality of the heart or intrathoracic great vessels that is actually or potentially of functional significance. 1 Generally, conditions that are of no functional significance such as persistent left superior caval vein are excluded from this definition. 1 They are a diverse group of disorders with varying aetiology, symptomatology, severity and outcome. Globally, the prevalence of congenital heart diseases among newborns and infants vary between 3 and 14 per 1000 live births. 2, 3 In Nigeria, congenital heart diseases are seen in 3.5 out of every 1000 live births. 4 Data on the spectrum of common congenital heart diseases in Nigeria has generally been sketchy with wide variations in relative frequencies.
Initial studies on spectrum of congenital heart diseases in Nigeria by Gupta and Antia (1966) , 4 Antia and Williams (1971) 5 and Antia (1974) 6 were necropsy and/or clinical based. Using necropsy studies in determining spectrum has an obvious limitation of dealing predominantly with severe/ fatal conditions. Nevertheless they still remain useful in providing definitive diagnoses . 6 Clinical findings are not always a true reflection of the underlying condition and depend very much on the knowledge and skills of the clinician. able in Nigeria in the early 1990's and since then there have been several reports on the spectrum of congenital heart disease. However, these reports were largely small isolated studies from individual centres with attendant problems of generalizability. [9] [10] [11] [12] [13] [14] [15] While ventricular septal defects (VSD) were reported as the commonest defects in all such studies, there were wide variations in the relative frequencies of the other congenital heart diseases. [9] [10] [11] [12] [13] [14] [15] Thus, we sought to review all studies on patterns of congenital heart disease diagnosed by detailed clinical examination(inclusive of follow up), angiography, necropsy and/or echocardiography in Nigeria and determine through a trend analysis if there have been any variations in these patterns from 1964 to 2015.
Methods
A literature search of the PubMed database was conducted for studies published between 1964 and January 2015 using the terms and medical subject terms: heart defects, congenital; heart diseases; Nigeria; and child. A manual search for additional studies was performed using references cited in original study articles and reviews. Additionally, studies were retrieved by searches within Google scholar, TRIP database, African Journals Online and World Health Organisation libraries, including African index medicus. In addition, we contacted well known researchers on congenital heart disease in children in Nigeria for studies that may have been missed. A hand search of local journals was also conducted to ensure no studies were missed. No language restrictions were applied. The study was restricted to human studies and children aged less than fifteen years. The search was conducted in January, 2015. Two authors (MBA and ZAA) conducted the search. All studies were incorporated into an endnote® database.
Eligibility criteria were children aged 0-14 years and confirmation of congenital heart disease diagnosis by detailed clinical evaluation (including follow up) supported with chest radiographs and electrocardiography(for studies prior to 1990); angiography; echocardiography and/or necropsy. Studies were excluded if they were conducted in adults (studies with combined adult and children population were included if the spectrum of cardiac diseases were sufficiently broken down for data for children 0-14 years of age to be retrievable), case reports, ages were not stated, diagnosis was by auscultation alone or the study was conducted in restricted populations such as children with pneumonia, children undergoing heart surgery or children with protein energy malnutrition. Both authors reviewed the studies independently and where discrepancy existed it was resolved by further discussions.
Data was extracted using a data collection tool designed by the authors using Microsoft excel®. Relevant data obtained included study site and years during which the study was carried out, mean (SD) age of subjects, method(s) of diagnosis, number of cases of congenital heart diseases and the contributions of the individual heart defects. The studies were categorised according to years during which the data was collected into 1964-1969, 1970-1979, 1980-1989, 1990-1999, 2000-2009, 2010-january 2015 for the purposes of a time trend analysis of the various heart defects. In a situation where recruitment of patients from a particular study extended beyond one of the aforementioned categories, they were placed in the category in which more than half of the data was collected.
The individual heart defects were identified based on the diagnosis as reported in the various manuscripts. Where multiple lesions were found, the major lesion, for example transposition of the great arteries was identified and the patients classified under that diagnosis. Where a single major lesion could not be identified, they were labelled by the multiple lesions together. Frequencies for the various heart defects were added up within the specified time periods and proportions (including 95% confidence intervals) of the component defects generated. These proportions were used in subsequent analyses. The various data obtained was displayed in standard tables highlighting the component heart defects. A time trend chart was drawn representing the six duration categories and "best fit" lines were used to determine trends.
Results
We identified 792 articles from an initial search. An additional 49 studies were obtained following search from other sources. In all 16 published studies and one unpublished study (Abdulkadir et al, Ilorin, 2015) met the inclusion and exclusion criteria and were eventually selected. [4] [5] [6] 9, 12, 14, [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] The PRISMA flowchart summarizing the data collection process is presented in Figure 1 .
All the studies were conducted in children except Sani et al 9 however data in their study could be disaggregated to separate the paediatric data. Five of the studies were conducted using clinical, angiographic and/or necropsy data to make the diagnosis of specific congenital heart diseases. [4] [5] [6] 16, 17 Where clinical data was used the authors demonstrated sufficient evidence including follow up to make the diagnosis of a specific congenital heart disease quite reasonable.
The other studies used echocardiographic findings to make a diagnosis of specific congenital heart diseases. The studies were conducted in all the geo-political zones in the country except the North-East and South-East regions. The only study from the South East that met the criteria for the study was eventually excluded because of notable inconsistencies in frequencies of individual heart defects. 13 The spread of the study sites and the number of studies are shown in Figure 2 .
There was at least one study in each of the specified time periods except 1980-1989. Thus, the period 1980-1989 was excluded from subsequent analyses to avoid a skew of the data. The highest number of studies was conducted in Ibadan with five publications though all the studies were conducted between 1964 and 1981. Table 1 shows a summary of the included studies and their major findings. 
Ventricular septal defects (VSD)
This was the commonest defect in all but two of the studies reviewed and constituted 40.6% (95% CI 38.9-42.4) of all congenital heart disease. The burden of VSD among children with congenital heart disease ranged from a low of 17.1% in Ibadan 5 to a high of 67.3% in Benin. 25 Merging the data countrywide over the five decade period, there has been a progressive increase in the contribution of VSD to the burden of congenital heart diseases with an average of 27.5% in the years 1964-1969 and 55.8% between 2010 and 2014. The trend line (Figure 4 ) derived further depicts a steady rising proportion of VSD among children over the period.
Patent ductus arteriosus (PDA)
This was the identified congenital heart disease in 18.4% (95% CI 17.0-19.8) of the children and was the secondcommonest acyanotic defect in nine of the 17 studies reviewed with proportions ranging from 0.0% to 39.5% (Table 1 ). The trend analysis shows wide variations in the relative proportion of PDA over the decades but the overall trend line shows a slight decline (Figure 4) .
The included studies represent a total of 2,953 children with congenital heart disease. Figure 3 shows the pooled proportions of the 6 major heart defects in all the studies reviewed.
Atrial septal defects (ASD)
This was the second commonest acyanotic defect in seven of the 17 studies and was responsible for 11.3% (95% CI 10.2-12.5) of all congenital heart diseases ( Table 1) . Overall it was the fourth commonest congenital heart disease. The highest relative proportion was 22.0% recorded by George et al 12 in 2008 (Table 1 ). There is a gradually rising relative proportion of ASD among children with congenital heart disease in Nigeria (Figure 3) .
Tetralogy of Fallot (TOF)
Tetralogy of Fallot was the commonest cyanotic congenital heart disease in all the studies, except the work of Gupta and Antia 4 in 1967 (Table 1) . It accounted for 11.8% (95% CI 10.7-13.0) of all congenital heart diseases (Table 1) . Relative proportion ranged from 0.0% to 29.1% in studies conducted in Kano. Over the period of the review, TOF accounted for 11.3%, 11.0%, 28.6%, 17.0% and 9.5% of all congenital heart diseases during the periods 1964-1969, 1970-1979, 1990-1999, 2000-2009 and 2010-2014 respectively. The trend diagram (Figure 4 ) depicts a rising proportion of TOF over the review period.
Pulmonary stenosis (PS)
Pulmonary stenosis occurred in between 0.0% and 13.3% of congenital heart diseases in Nigeria ( Table 1 ). The highest contributions were recorded in Ibadan in the period between 1964 and 1981 ( Table 1 ). The trend diagram (Figure 3 ) depicts falling relative proportion of PS over the study period. Other heart diseases were uncommon and their relative frequencies are shown in Table 1 . Figure 5 represents pooled data from all the studies distributed according to geopolitical regions. With all defects pooled to the defined regions (South-South, South-West,
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North-West, North-Central), the commonest defect was the VSD in all regions, however the second commonest defect was PDA in all regions except the North-West where TOF was the second commonest lesion.
Time trend analysis of the heart defects
The overall trend lines demonstrate some changes in the relative proportion of the individual defects. (Figure 3 ) The greatest rise in burden of congenital heart defects was seen among children with VSD. There was an average of 6% increase in the burden of VSD for every time period. There were minor changes in the other heart defects with an apparently slight increase in burden of tetralogy of Fallot and atrial septal defects and a slight decrease in burden of patent ductus arteriosus. There was an average of a 2.6% reduction in the burden of pulmonary stenosis per time period.
Discussion
This systematic review provides critical data on trends in the spectrum of CHD among children in Nigeria and represents the first truly nationwide data examining the patterns and the influence of regional differences and time on the spectrum of CHD. The distribution of individual congenital heart defects appear to be changing in Nigeria with an apparent increase in the incidence of VSD and a decline in pulmonary stenosis. Ventricular septal defects have been shown globally to be the commonest congenital heart diseases seen in children. 2, 27 The reasons for the predominance of VSD are unclear. Despite this, there have been wide variations in the contribution of VSD to overall prevalence of congenital heart diseases. Earlier studies had reported prevalence of between 20 and 29%. 2, 28 However, more recent reports globally have suggested that VSD are commoner than previously reported with the burden as high as 50% (in combination with other defects). 27, 29 The current review demonstrated an overall proportion of 40.6% which is similar to the 50% reported above. Although the current study did not explore age distribution of the patients, it is now known that actual prevalence of these congenital heart lesions is dependent on the age at which screening is conducted. 2 27,29 The earlier work of Antia and Williams recruited children at birth and followed them up till early childhood and expectedly demonstrated that VSD was the commonest CHD. 5 This contrasted with the work of Gupta and Antia which was a necropsy based study that reported TOF to be the commonest CHD. 4 This demonstrates the influence of study methodology which should be a prime consideration in studies examining spectrum of CHD. The current study has also demonstrated a rising burden of VSD among children in Nigeria with a 6.3% increase in the burden of VSD for every decade studied.
To a large extent, the "rising burden" of VSD globally has been attributed to increasing availability of facilities and expertise for early diagnosis of VSD. As such, small defects that would have closed in later childhood are diagnosed from echocardiographic studies in infancy. This has been documented by several authors. 2, 27, 29 Hence, the extent to which these variations recorded represent "true" changes in the occurrence rather than detection rates of VSD will require further exploration. There were no regional differences in the proportions of VSD in this study. The enormous burden of VSD is exemplified by considering the incidence of CHD in Nigeria of 3.5 per 1000 live births with an estimated 7.17 million live births (UNICEF 2013) annually in Nigeria. 4, 30 This is equivalent to an estimated 25,106 children being borne with a congenital heart disease annually of which 14,009 will have a VSD (based on most recent relative proportion of 55.8% of CHD being VSD in the 2010-2014 period reviewed). At the current birth rate and disease rates this number should increase to 15,590 children being borne annually with a VSD in the next decade.
The current review has demonstrated apparent regional differences in the other major congenital heart diseases. In the North West region there is a higher prevalence of ASD and TOF as compared to PDA. A large part of these variations in burden of ASD and PDA may be explained by study design. Studies that include a lot of younger children will tend to report higher incidence of PDA as against studies that recruit a larger number of older children/ adolescents; an age group in which ASD begin to manifest with symptoms. Furthermore, it has been shown that some cardiologists may misclassify the foramen ovale as an ostium secundum ASD or vice versa thus affecting the reported burden. Also, there is inconsistency in how children with multiple lesions are reported. Some authors may report them as individual lesions while others report them as combined lesions. Hence, it is conceivable that when ASD are associated with other "more serious" abnormalities they may be under reported. Nevertheless, the consistency of reports of ASD being far commoner than PDA in Northern Nigeria make a compelling case for researchers to explore this relationship in larger well designed studies. This is especially as several authors have demonstrated racial, ethnic and environmental differences in incidence and spectrum of CHD in other climes.
31-33
Tetralogy of Fallot has been shown consistently in most studies globally to be the commonest cyanotic congenital heart disease with transposition of the great arteries being a far second. 1, 2, 27 This is corroborated by the findings of this study. Other CHD featured in numbers too small to make valid inferences from. Nevertheless, the burden of TGA, tricuspid disease and hypoplastic left heart syndrome appear to be quite similar and together constitute 4.9% of all congenital heart defects. The similarities in clinical presentation of these three cyanotic conditions make it imperative that facilities and expertise to diagnose them early should be readily available in most centres. While the trend analysis shows a rising trend for VSD over the period, proportions for other CHD have remained essentially static or reduced. This phenomenon may be accounted for by the rising number of cases of VSD being recorded as proportions rather than actual numbers were the comparisons made in the current study. Nevertheless, some authors have implicated reducing burden of some risk factors for some of these conditions, such as reducing occurrence of rubella among mothers.
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Conclusion VSD remains the commonest CHD in Nigeria. Patent ductus arteriosus is the second commonest CHD though in pockets of areas ASD and TOF may be commoner. There appears to be a trend towards increasing burden of VSD in Nigeria.
Limitations
The possibility of recruitment of the same patients in studies from the same centre with overlap exists. Such duplication of patients were minimised by ensuring studies that apparently had the same data were excluded from the review.
